Figures
Particle size analysis statistics from Rainier Mesa soil samples using the method of moments, presented in Beyer (1991 
Introduction
Underground nuclear testing was conducted at Rainier Mesa within the Nevada Test Site in Nye County, Nev.
(see fig. 1 ), with a total of 61 tests between 1957 -1992 (Department of Energy, 2000 . All the underground nuclear tests at this site, with the exception of two vertical borehole tests, took place within mined tunnels (National Security Technologies, 2007) . The Rainier Mesa-Shoshone Mountain Corrective Action Unit (CAU) (National Nuclear Security Administration, 2004) is of interest to the U.S. Department of Energy and certain regulatory agencies at the State and Federal level owing to the potential for radionuclide transport to the saturated zone (Fenelon and others, 2008) . The entry of water into the subsurface is a critical part of the conceptual model needed to understand water movement through the thick unsaturated zone that overlies the saturated zone at this site. This report summarizes preliminary investigations at Rainier Mesa designed to get a basic understanding of physical and hydraulic properties of soil and unconsolidated sediments that may control infiltration. These measurements are far from comprehensive owing to restrictions of time, cost, and site access; but in the absence of other hydraulic property estimates they may inform ongoing and future efforts aimed at understanding radionuclide fate and transport in the unsaturated and saturated zones at Rainier Mesa. Further descriptions of Rainier Mesa can be found in Thordarson (1965) , Russell (1987) , Russell and others (2001) , and Ebel and Nimmo (2009) .
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Measurements and Samples Collected
The locations of measurements and samples collected at the site are show in figure 2 for RM1, RM2, RM4, RM5, and RM6 and in figure 3 for RM NT1, RM NT2, and RM NT3. Each sample/measurement is described briefly below and photographs of sample locations are shown in figure 4:
Sample location RM1 is approximately 5 m from the edge of a small rock cliff atop Rainier Mesa ( fig. 4A ). The soil is stony with some desiccation cracks. Excavation revealed a soil textural boundary at 8 cm depth, with fine-textured soil overlying a coarser-textured soil. Soil grab samples for particle size analysis were taken at 4 and 14 cm depth.
An infiltration test was conducted at this location. textural boundary is present at 10 cm depth, with fine-textured soil overlying a coarser-textured, more-stony soil.
Soil grab samples for particle size analysis were taken at 4 and 12 cm depth. An infiltration test was conducted at this location.
RM4 (6/2/2008):
Sample location RM4 is beneath a Juniper tree atop Rainier Mesa ( fig. 4C ). The soil surface is covered with Juniper needles and duff with an organic horizon for the first 5 cm below the surface, transitioning into a fine-textured soil that grades into a progressively finer-textured soil below 15 cm depth. A few large stones are present, up to 15 cm diameter. Soil grab samples for particle size analysis were taken at 10 and 19 cm depth. An infiltration test was conducted at this location.
RM5 (6/2/2008):
The same location at RM4, but infiltration testing was repeated.
RM6 (6/2/2008):
Sample location RM6 is located in a wash atop Rainier Mesa near the main access road ( fig. 4D ). The sediments in the wash are sands and fine to coarse gravels. Excavation was not conducted and grab samples were not taken. An infiltration test was conducted at this location.
RM NT1 (6/3/2008):
Sample location RM NT1 is within the U12n tunnel pond N3 (dry), at the downgradient end near the edge of the pond bed ( fig. 4E ). Sediment/soil in the pond bottom is fine-textured with abundant surface cracking. A hard, dry soil layer that appears clayey is present at approximately 9 cm depth. Soil grab samples for particle size analysis
were not taken. An infiltration test was conducted at this location.
RM NT(6/3/2008):
The same location at RM NT1, but infiltration testing was repeated.
RM NT3 (6/3/2008):
Sample location RM NT3 is within the U12n tunnel pond N3 (dry) at the upgradient end ( fig. 4F ). Sediment/soil in the pond bottom is similar to RM NT1. Excavation revealed a fine-textured soil in the top 7 cm. From 7-10 cm depth, the soil transitions into coarser-textured material. Soil grab samples for particle size analysis were not taken.
An infiltration test was conducted at this location.
Soil Textural Classification
The soil samples from Rainier Mesa were analyzed using a combination of sieving and optical diffraction.
Particles greater than 2 mm in diameter were passed through standard American Society for Testing and Materials (ASTM) sieves (sizes 2, 2.8, 4, 5.6, 8, 11.2, 16, 22.4 , and 32.5 mm) to separate those particle size ranges. The remaining part of the sample (that is, the part less than 2 mm in diameter) was physically disaggregated using a ceramic mortar and rubber-coated pestle. The disaggregated material was then split into representative samples for optical diffraction using a Gilson 16-part rotary sample divider. The divided samples of particle diameters less than 2 mm were analyzed using a Coulter LS-230 optical diffraction apparatus (Gee and Or, 2002) , which is capable of measuring particle sizes from 4×10 -5 to 2 mm diameter. Sonication of samples when suspended in water during the sample run facilitates further disaggregation. The Fraunhofer diffraction model is employed to estimate the particle size distribution from the optical diffraction pattern, assuming spherical particles. The analysis is divided into histogram bins based on the particle diameters on a logarithmic scale (see Winfield, 2003 ). The geometric mean particle diameter (M g ) and geometric particle size standard deviation ) ( g σ for each sample distribution is estimated using the method of moments, presented in Beyer (1991) . The formula for M g is: 
The final particle size distribution of the sample is the mean of the triplicate subsample runs. Table 1 shows the arithmetic and geometric mean particle diameters and standard deviations for the six soil/sediment samples from Rainier Mesa. Table 2 contains the textural class information based on the U.S. Department of Agriculture (USDA) system, and table 3 has the cumulative frequency distribution statistics summarized by particle diameter. Figure 5 shows the probability distribution functions of particle sizes for the Rainier Mesa soil samples. Figure 6 shows the cumulative distribution functions of particle sizes for the Rainier Mesa soil samples.
Field-Saturated Hydraulic Conductivity Estimation
When water is supplied at the land surface at a rate sufficient to cause ponding, the hydraulic conductivity can reach a value known as the field-saturated hydraulic conductivity (K fs ). This value is less than the fully saturated hydraulic conductivity (K s ) that one might attain in a laboratory setting owing to the presence of entrapped air that blocks conductive pores. The estimates of K fs are typically dominated by the most conductive pathways, such as macropores. As noted by Nimmo and others (2009) this implies that tests at the same location at different times may have different K fs values because different pores may be air-obstructed during a given test. A single-ring infiltrometer method was used to estimate K fs at the locations described previously at Rainier Mesa using the methodology described by Nimmo and others (2009) for falling-head, small-diameter (~20 cm) single-ring infiltrometers. The technique employs a formulation that accounts for subsurface spreading for smaller infiltration rings and falling ponded hydraulic heads. The technique is called a "bottomless bucket" in this report, a section of 21.1 cm inner diameter Schedule 40 PVC pipe serves as the infiltration ring. What is measured in the falling-head test is infiltration flux density (i). K fs can be assumed to deviate systematically from i, where i is greater than K fs by a factor F such that:
where F accounts for sorption and lateral spreading effects. Using the formula proposed by Reynolds and Elrick (1990) , K fs can be estimated as:
where λ is as the macroscopic capillary length of the soil (see White and Sully, 1987) , D is the ponded depth inside the ring, and LG is the ring-installation scaling length.
LG can be approximated using the relation:
where C 1 and C 2 are empirically determined constants with values of 0.993 and 0.578, respectively (see Reynolds and Elrick, 1990) , d is the ring insertion depth, and b is the ring radius. The infiltration test must be completed in soil which is initially dry so that K fs is much larger than the unsaturated hydraulic conductivity at the initial 4 condition. The condition of falling head during the infiltration test requires modification to equation (5) 
The bottomless bucket tests provide a set of D values over time for a given test location and equation (7) can be rearranged to form a linear algebraic equation given by:
such that the slope of the line of the left-hand side of equation (7) versus t provides K fs . Excavation of soil/sediment beneath each infiltration test site is described below (if excavation was conducted), and the K fs results are shown in table 4. The value for b is 10.1 cm and the value for d is measured for each test. The λ value is chosen on the basis of the approximate soil textural classification for a given site, as recommended by Elrick and others (1989) .
The λ values, proposed by Elrick and others (1989) , used in this work are 0.08 m for most soils, 0.03 m for very coarse-textured soils, and 0.25m for fine-textured soils without preferential flow paths. Nimmo and others (2009) found that the estimated K fs values were minimally sensitive to the chosen λ .
Notes for each bottomless bucket test are summarized below and photographs of measurement locations are shown in figure 4:
Excavation of soil below the bottomless bucket test revealed very little lateral spreading at depth (location photograph shown in fig. 4A ).
RM2 (6/2/2008):
No excavation conducted beneath bottomless bucket test (location photograph shown in fig. 4B ).
RM4 (6/2/2008):
Excavation of soil below the bottomless bucket test showed much visual evidence of preferential flow in irregular patterns with sharply defined wetted-edges, likely to be fingered flow (location photograph shown in fig. 4C ).
RM5 (6/2/2008):
See excavation results for RM4.
RM6 (6/2/2008):
Excavation of wash sediments below the bottomless bucket test showed mostly vertical flow with little spreading (location photograph shown in fig. 4D ).
Excavation of soil below the bottomless bucket test showed lateral speading at 2 cm depth at the approximate termination of desiccation cracking. Water from the infiltration test appeared to stop at the clayey layer at 9cm
depth. No soil sample taken (location photograph shown in fig. 4E ). Excavation of soil below the bottomless bucket test showed 10 cm of water penetration, with the fine-grained surficial material in the top 3 cm becoming field saturated and the soil between 4 and 7 cm being nearly saturated.
No soil sample taken (location photograph shown in fig. 4F ). Tables 1 through 4 and figures 5 and 6 show that most of the particle size distributions for the samples from the top of Rainier Mesa (RM1, RM2, and RM4) have multimodal distributions with a peak slightly smaller than 0.1 mm and one or more peaks at particle sizes near or greater than 10 mm. The RM4 sample at 10 cm has one main peak at particle sizes slightly less than 0.1 mm. The deeper samples generally have larger mean particles size diameters, larger standard deviations, and less fine particles (except for the RM4 sample at 19 cm). The comparison between the particle size distributions and K fs values suggests that the top several centimeters of soil has a significant influence on K fs at Rainier Mesa and that the presence of fine particles at RM1 and RM2 may cause the K fs to be smaller relative to RM4. Care should be exercised when generalizing the site-specific results presented here into a broader context of the patterns and heterogeneity of particle size distributions and K fs values for Rainier Mesa. A more comprehensive study would be necessary before such generalization could be prudently attempted. Table 1 . Particle size analysis statistics from Rainier Mesa soil samples using the method of moments (Beyer, 1991) .
Summary
Sample name Arithmetic Geometric
Mean ( Juniper needles and duff overlying fine soil Fine sediment in pond bottom; desiccation cracks 1 Datum is NAD83; 2 RM5 is a repeat test of RM4 at the same location; 3 At N tunnel drainage pond 3 (dry); 4 RM NT2 is a repeat test of RM NT1 at the same location. . Cumulative distribution functions given in cumulative percentages based on particle size analysis of the six soil samples from Rainier Mesa.
